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(54) NON-AQUEOUS SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a large sized non-aqueous secondary battery cell, 
containing titanic a cid lithium compound for negative electrode active substance, which 
exhibits a small degree of expansion/shrinkage of electrodes upon charging/ discharging and 
thus has an extended cycle time, and high reliability and stabil ity, as well as high energy 
density, because of high electrical energy density of the titanic acid compound, and which has 
good yield and easiness in manufac turing without causing agglomeration. 
SOLUTION: The non-aqueous secondary battery cell of the present invention employs a 
secondary particle formed by agglomerating primary partiples of titanic acid lithium compound 
having an average particle size of less than 1 um and represented by the following formula 1 , 
into granules having an average particle size of 5 to 100 u.m: LiaTi3-a04 (1) (Herein, 0<a<3). 
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JP2001-143702 (Partial Translation) 

"Non-aqueous secondary battery" 

[Claim 1] A non-aqueous secondary battery using, as 
a negative electrode active material, secondary particles 
formed by agglomerating primary particles of a lithium 
titanate compound having an average particle diameter of less 
than 1 pm and represented by the general formula (1) : 

Li a Ti 3 -a04, wherein 0<a<3, into a particle form having 
an average particle diameter of 5 to 100 pm. 

[Claim 2] The non-aqueous secondary battery in 
accordance with claim 1, wherein a negative electrode is 
formed by laminating layers containing secondary particles of 
a lithium titanate compound as a negative electrode active 
material onto a current collector made of at least one metal 
foil selected from the group consisting of an aluminum foil 
and a tin foil. 

[Claim 5] The non-aqueous secondary battery in 
accordance with claim 4, wherein a positive electrode active 
material is at least one kind selected by the group consisting 
of compounds represented by the general formulae (2) to (4) : 

LiCo b Nii_ b 0 2 (2), wherein O^b^l; 

LiAlcCOdNix-c-dOa (3), wherein O^c^l, O^d^l and 0^ 
c+d^l; and 

LiMn 2 -eMe0 4 (4); wherein O^e^O.l and M is at least 
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one metal element selected from Al, Ni, Cr, Co, Fe and Mg. 
[0014] 

[Mode for Embodying the Invention] 

In the following, a non-aqueous secondary battery 
according to the present invention will be described. As a 
lithium titanate compound serving as a negative electrode 
active material, a variety of compounds satisfying the general 
formula (1) : Li a Ti3_a0 4 , wherein 0<a<3, can be used singly or in 
a mixture of two or more thereof. Among these, a compound 
represented by the general formula (1-1) : Li 4 /3Ti5/ 3 0 4 is 
preferably used because it has a small amount of expansion and 
contraction during the charging and discharging, and have a 
superior effect of elongating the cycle life of a battery. 

[0016] 

Next, secondary particles of a lithium titanate 
compound used in the present invention are produced by 
synthesizing at a high temperature of about 800 °C for about 6 
hours in an inert gas atmosphere such as nitrogen and then 
gradually cooling. The average particle diameter of primary 
particles forming the above secondary particles should be less 
than 1 \xm as described above. Namely, when the average 
particle diameter of the primary particles is more than 1 ]jm, 
agglomeration properties are lowered and production of 
secondary particles having an average particle diameter of 5 
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to 100 pni by the above production process becomes difficult. 
Moreover, the electric capacity density of the obtained 
secondary particles are less than 160 mAh/g as described above, 
thereby lowering the energy density of the battery. 
[0017] 

It is to be noted that the average particle diameter 
of the primary particles is, in the above range, preferably 
0.01 to 1 jam and more preferably 0.05 to 0.5 pm. Also, the 
average particle diameter of the secondary particles should be 
in the range of 5 to 100 pm as described above. When the 
average particle diameter of the secondary particles is less 
than 5 jam, the secondary particles themselves readily 
agglomerate thereby to deteriorate handling characteristic 
during production of electrode. As a result, production yield 
is lowered. That is, the effect of using the secondary 
particles cannot be obtained. 
[0018] 

On the other hand, when the average particle diameter 
of the secondary particles is more than 100 pm, since the 
thickness of the active material layer forming the electrode 
is about 200 pm at maximum, depending on the structure of the 
battery, there arises a problem that the surface roughness of 
the electrode is increased thereby inhibiting uniform battery 
reaction. It is to be noted that the average particle 
diameter of the secondary particles are, in the above- 
mentioned range, preferably 10 to 80 pm and more preferably 20 
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to 50 pin. 
[0026] 

As the metal foil serving as current collectors of 
the positive and negative electrodes, a variety of metal foils 
having excellent electrical conductivity and superior 
resistance to electrolyte can be used; examples thereof 
include foils of aluminum, tin, nickel, copper, stainless 
steel and titanium. Among these, light-weight aluminum foil 
and tin foil are particularly suitably used in consideration 
of properties and energy density of the non-aqueous secondary 
battery. 
[0027] 

The size and shape of the metal foil are 
appropriately designed corresponding to the shape, structure 
and size of the non-aqueous secondary battery. Electrode 
laminates are formed by laminating alternately the positive 
and negative electrodes while interposing microporous films of 
polyethylene, polypropylene or the like as separators as 
described in the above. As lithium-type organic electrolyte, 
preferably used is a solution prepared by dissolving or 
dispersing a lithium salt such as LiC10 4 , LiBF 4 , LiPFe and 
LiAsF 6 in a non-aqueous organic solvent having a high relative 
dielectric constant such as ethylene carbonate, propylene 
carbonate, dimethyl carbonate, diethyl carbonate, ethyl methyl 
carbonate, 1, 2-dimethoxyethane and tetrahydrofuran, or a solid 
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electrolyte having lithium ion conductivity, particularly 
preferably solution of LiBF 4 and LiPF 6 . 
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fc*«*.fc»BE#a4^«r, ir^lc, ± 

[0 0 3 6] *5V^*fc % ±E^— H4r— *fc£©rt 

LTt«tV\ ±.IB*HM©*2k-^?fe©S^ft % fct 
1 0 Ah5|5iti:V^fc/jN«*©«}fefca 
«UTt>i!)*9«i*36«*<x Sfcioroliiiftroii 
*1 0 0 0Ah&&ZZZl%:m*:Mto-b<Z>ttfm&& 

[0 0 3 7] Lfc*oT*?SS©*i3fi2 ©ti 
It. !©2o©|[fOfs1 > tto*>10~1 0 0 0Ah 
t<C50~1 000AhSIffe5«»iL 

It, *7K-^m?tk^2oa±, J: 5 K+ii 

lttv\ 
[0 0 3 8] 

(AS©^K> 



(6) 



9 



l-c, *(i-d : 

Li« Ti» O4 (1-1) 

[0039] i-*fct.±IB~^S;^ 1 oiill:, 

SfO. 6Am©^777^M. 2*ftg&£, PVd 

Mz-X^—xhftbLltoh, ~(D^—x h£, 
IfttttO, ff*2 0pmO7^5 = !>AMOSB 10 
tfffifcTi ^ Oft*** 0 . 0 2 g/cm'tftSJ: 

*jrbLt, ff^-0. 2mm« ilOOmm, ilOO 

[0 0 4 0] fls»S*tfc*«6 OtScSrimt-T^pLfc 

-*«tt©fti5-e*»oT, ^oM3§o#Si 9 a 1 0 0 

LiCoO l S*10iiai^ ?«6§0. 6/imO 20 
/77r'fHltSl, PVdFl**»«r»£-U N 
-^fvV-2-tn •} K^4r*Px.T-<— ^ f^tt LfcO 
jEHSmftt LTO, *^.2 0ju 
mOT/V5 = !7A?|OWffi(C N Jtffifcfc 5 ©{*»*# 

0. 03 g/cm J fcfc5J;5fc^LT««*3tffc. 

tLTB-/V7 , WLfc<D^*7hLT, f^O. 2m 
m, $El 0 Omm, fill 0 OmmOlS^f^fiLt 

[0041] {#fc-frmm<DW$t) ±iE-e^ss l^je 

figiJitfAfil?:, J¥^2 5 Aim, SE10 0mm, fill 0 
Omm^y 7 p otrn4j»#?UR*r-fe^l'— ^fc b 30 

f , lEfiS— fe/^v—^-ASi— ir/^u— • -olic, 
-g-tfl 2 0tfc8JBUT«^^*«:#fco oftc. Hi 
^•f-i5^-oSfiiS[Sf*lSr, @fgfgf*£1llJ5£1~ 
5*ffi#*fcltffcft3J:5fcv 3WHI«Ji*l©«iii 
£{*»1-5fc*o, Srffilfca^tt©, PVdFUroll 
©##2, 33J:tMKHIl*l0±iB«r«Si-5fc«)0 
RD<PVdFS^2^3 title, 

7 A* J* \ZX%m £ iftfclSS!** 4 ft tClfc^ Lfc. 
[0 0 4 2] oft, 3i^W*-3j?^-ht^^^/U 40 

hOf£KJ£ 3 : 7 0I^IC m^SfcLT 
L i PF.t»»lfc**ttO*«tllW 
im) fiffl«»4rtK:ft»S*tfc*HWifl E H-a 

ALT, 4 0 0 mmH g ©iETT'9 6 tl^t 

fco*>, *fii^lf*i^*)^i-5 ! S-Afii(-Afii^o^ 

[004 3] fcfcSLh, -3l0^7|C-<5:S?ft.Offl^aT 50 
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«ftot»**tt 5 0 a h T'fco fc. 

MZtfim Lfc r t EWli*ife^ 1 1 6MS£. LT, BiH' 

[0 0 4 4] fW*nfc**«rB«KT«l6Ufci:r. 
5 , 1 fiBf-C t£^fct©^ftai^Lft 

HUM* 2 

fc 1 1> l-v s«*«i/i-:R^*jM&»* 1 0 m*su 

K, PVdF2**»«:»£-U N-^/V-2-fn 
!) K^SrJn^T^-^. htffc Lfc©*>, :o^-? h 
£, AHItftt LTO, ff^2 0 jtmOfflfgOiSjffl 
tc, tfBfcfc 9 ©##*# 0 . oig/cm ! ti5i 

# h LT, ff#-0. 2mm, $El 0 0mm, fill 0 0 

mmo*ffiftfBKu ~<Dfkmz&imvit^bEim*m 
mm 1 1 ibi«i- L-t#*-ft«fe«rSi6Lfc. 

[0 04 5] »SSn*:*3iCIftWfeoS»**tt 5 0 
tbtM 3 

1'ftx.T, SfcRftXtN? (MCMB, Spi^&Sl On 
m) iftffl-f-Stirt^ SUMCMB 1 om*SPI', 
PVdF2**SP^S#b, 

v^JniiT^-xf&iLfc©*), dO-<-xh^, A 
ffiiSfttUTO, JJ^-2 0 ym(D^fSOW®(C, #S 

fcfc 9 ©M*** 0 . oig/cm t45i?lc:W 

T, Jf^O. 2mm, Sfcl 0 Omm, fill 0 0mm©A 

«frft*U roAfi^fg/BLfcrt^fl-ttlltfeeyi t 

[0 0 4 6] «JtS*tfc^*r*mjl!lO****H5 0 
AhTfcot. 

<*m#14f£iM3>> ±SBHlt«ii N *3iTJ t tfc«Ef^J2, 3 
T-^ji Ltzltfc- fttiro## 3 o±le, 4 © 

*MB!]7>fe, Hlfc*i-J:5tW*l Omm^fVW 

#* (0. 0 3MPa) *Jnfc5i5tUfc. 
[0 0 4 7] LT, ±lBX7 L yv-X«70±lC3 0 k 

g oi8 zwiittzvmxmmm r> s u^arn $ *fc# 
^fPT-^-r^tp]— o, »8(7>^&», -r^^%«fiiai 

f^O|^3S-itZ^*?:a!l^Lfc 0 *ft*U"-f J7 a- 4 0 @ * 
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©ft*^&*©*tS£0 4 \C7jk-f. 
[0 0 4 8] ztibomx*). MMMioWMit. JfciSE 
#J2, 3 <onM\zit-<x. ft&nftto&MW-O&M-to. 

k g ©« 8 t «r*tffc*KIB©» Xftftl l v *s ±Vittt« 

[004 9] attt-f^BBB t 7IUi©2&£fc0 
5 \z.7frf, BliO, l Jtifc0il2> 3© 
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* mfclTKftLfc£feft*5 0 Ah ©#*-&«$! 

S9«%tttf0. 15mA/cm\±RtE3. 0V© 

««E**0. 15mA/cm ! ©at*frT-l. 0 

7 o%fc*ofc*|«f--f */HR&, 

[00 5 0] £fctttfc#J 2 „ 3 t»»at Lfc**-ftWdl 
10 tCOVvtTHU UMRWNttiS&O. 15mA/cm\ IS 
Iff 4. 1 V©?ES*#T?8~1 0B#|Sfk SttSE, 5&* 
ffi^EfiUfc©*^ «g£«S0. 15mA/cm ! »ti 
*fr"C3. 0 V* SIM K 
LfrV\ **#«0B**© 7 0 % t fcofc£«*JM' * 

[0 0 5 1] 
1*1] 





(Ah) 


as 

(k g) 


(Wh/kg) 


«tft*f8r 
(♦-ft**) 




5 0 


1. 7 


7 0 


4 5 0 0 


J*«0»1 


5 0 


2. 0 


5 0 


3 0 0 0 


J&RM2 


5 0 


1. 4 


1 3 0 


7 5 


ttttCNS 


5 0 


1. 4 


1 3 0 


1 0 0 



[0 0 5 2] '*lkfll« WtfeM 1 O&fcllWt ' 

fg£ftfc 0 rtufctfU tfct£#l2, SttHJB-b&Kfctt 
****** ucvvfcv^r. fctfton Lfc. *r -cttftW 

2, 3KoV^TIi, ^VWMKflV^- K^— ^rt^lR 
[00 5 3] ftts/N— K*— * t LTfi, WS&Lfc«?fe» 



*+5i65««r*a:Ufc«f*, JttSE09 2 ©^- K*-*tt 
9 0 0 g> tti&ffl 3 K^— *I4 6 0 0 g t©JMI 

[0 0 5 4] 
[«2) 





$3 
CAh) 


S3 
(k g) 


(Wh/kg) 






5 0 


1. 7 


7 0 


4 5 0 0 




5 0 


2. 0 


5 0 


3 0 0 0 


JtMff 2 


5 0 


2. 3 


8 0 


10 0 0 


tb«W3 


5 0 


2. 0 


9 0 


15 0 0 



[ o o 5 5 ] * £ o \mm 2 . 3 ©matt; ^- k*— 

[01] *36s©#*-*ift«\ mM^mMo-m^ 
[0 2] fts&HMt* br©^*^®^ f^Mt^m 



[0 3] **W©Hlfi«l, *iJ:t«HR0!2 4 3©#tK 

S8tt5. ©**£&££ 
©H#Sr^i-^7 7-Cfc5. 
[12 5] ±eHJMf!l» tt^tM 2 . 3 




[04] 

21 1 1 1 r 




a&mm mm) 



(9) 
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*RmttK*2*HTB3#22-g- H®« 



F^ — 4G047 CA06 CB05 CC03 CD04 

5H003 AA02 AA04 AA08 AA10 BB05 

BB11 BB15 BC01 BC05 BDOO 

BD02 BD03 
5H014 AA02 AA04 CC01 EE02 EE05 

EE07 EE10 HHOO HH01 HH04 
5H029 AJ03 AJ05 AJ12 AJ14 AK03 

AL03 AM01 AM02 AM07 AM11 

BJ02 BJ04 DJ07 DJ08 DJ16 

EJ01 EJ04 EJ12 HJ02 HJ05 

HJ19 



